D r a f t
Ruminal proteolysis determines the amount of NH 3 , amino acids, peptides, and branched-chain volatile fatty acids available for growth and proliferation of ruminal microbiota and is an important determinant of protein nutrition in the ruminant host (Wallace and Brammall 1985) . The breakdown of dietary protein is mainly carried out by bacteria (40-60%). The composition of the proteolytic microbial populations is influenced by the diet of the animal and the physical form of the feed (Attwood et al. 1996) . Proteolytic activity of the ruminal digesta is almost entirely associated with microbial cells, as cell-free rumen fluid has little activity toward soluble proteins (Broderick 1998) . Cysteine proteases are predominant in the rumen (40-60%) with additional activities arising from serine-and metallo-proteases (McAllister et al. 1993; Ramirez Piñeres et al. 1997) . Knowledge of the composition of proteolytic microbial populations and their activity could provide insight into new strategies for improving the efficiency of protein utilization in the rumen (Broderick et al. 1991) .
In this study we used BODIPY (boron-dipyrromethene) FL DQ TM casein staining to label protein-hydrolyzing bacteria with active cell-surface associated (CSA) serineand metallo-proteases attached to barley and corn grain in the rumen of cows fed barley-based diets. Fluorescence in situ hybridization (FISH) (Amann 1995 Hilose, McGwire and Xena) and dent corn were selected specifically as substrates for ruminal incubation on the basis that they differed substantially in chemical composition (Xia et al. 2015) . All barley and corn samples were ground through a 6 mm screen and after mixing, triplicate sub-samples ( and DAPI were examined and captured using an epifluorescence microscope (Leica DM6000B, Wetzlar, Germany) equipped with a Leica DFC500 camera. Statistical analyses were carried out using student T test with significance declared at P<0.05.
Regardless of the diet used, bacteria displaying a doublet or single coccoid morphotype were observed in washings from all barley and corn samples as identified
by BODIPY FL DQ TM casein staining (Fig. 1A) . BODIPY FL DQ TM casein staining combined with DAPI (4′,6-diamidino-2-phenylindole; Xia et al. 2011) showed that these PHOs were more abundant (5-10% of total microbial cells) in the low concentrate than in the high concentrate diet (3-6% of total microbial cells), suggesting that they played a more important role in proteolysis of the low concentrate diet. We used BODIPY FL DQ TM casein staining combined with FISH (Xia et al. 2007 ) to identify PHOs with CSA serine-and metallo-protease activity.
The PHOs failed to hybridize with FISH probes Bru597
(5'-CGGCTACATTTCACGTCACGC-3', optimal formamide concentration 40%)
and Bam120 (5'-CAGGCAGCTCCCCAGGTA-3', optimal formamide concentration 10%) designed for P. ruminicola and R. amylophilus, respectively. Furthermore, they also did not hybridize with any of the probes selected from Probebase (Loy et al. 2007) that are known to target ruminal proteolytic bacteria. These include the probe mixture We used quantitative FISH (Kong et al., 2010) to determine the percentage of the known proteolytic bacterial species attached to barley grain and corn particles within the rumen of these heifers. In heifers fed either the low or the high concentrate diet, P. ruminicola- (Fig. 1B) , R. amylophilus- (Fig. 1C) and B. fibrisolvens- (Fig. 1D) like proteolytic bacteria were commonly associated (>1% of total bacterial present) PHOs with CSA protease activity. Firstly, diets with two different concentrate ratios were used to encompass the possible effect of diet on composition of PHOs (Wallace and Brammall, 1985) . Secondly, corn was used as an alternative substrate to barley grain to rule out possible selection of PHOs specific to barley as diet could affect the spectrum of ruminal proteases and the composition of proteolytic bacteria (Reilly et al. 2002) . Under both incubation conditions, the ratios of PHOs detected at different time points over 48 h of incubation ranged between 5-10% and 3-6% of total bacteria observed in the low and high concentrate diet, respectively. This suggests that a group of unknown PHOs with CSA serine-and metallo-protease activity were also important participants in the proteolysis of barley and corn within the rumen. 163x139mm (300 x 300 DPI)
